Abstract
Introduction
Acquired brain injury is a leading cause of disability in adults [1] with a large proportion of patients requiring rehabilitation [2] . Consistent with other areas of health care, neurological rehabilitation has been observed to vary in quality between services [3, 4] . Clinical practice guidelines provide recommendations to assist clinicians make evidence-informed decisions about the interventions they provide [5] [6] [7] . Despite the availability of such guidelines, auditing suggests that rehabilitation clinicians do not routinely provide care consistent with guideline recommendations [8] . Audit and feedback has been recommended as an intervention capable of increasing the uptake of evidenced-based recommendations by clinicians [9] [10] [11] .
A growing number of researchers are trialing audit and feedback interventions to promote the use of evidence in rehabilitation, however outcomes for improving clinician adherence has been mixed. The use of implementation interventions in rehabilitation is undoubtedly a positive step forward, nevertheless, critical reflection on the effectiveness of different interventions is key. Specific to audit and feedback interventions, two systematic reviews have synthesised the evidence on effectiveness; these reviews suggest limited to modest improvements occur at best [12, 13] . The latest Cochrane systematic review concluded that audit and feedback generally produces small, but potentially important improvements [12] . This is consistent with a second meta-analysis, which found modest improvements on quality outcomes [13] . These reviews [12, 13] suggest the need for clear definitions of goal-behaviors, and triangulation of data collection to improve the effect of audit and feedback interventions. They also suggested that the characteristics of the feedback component of future studies should be identified so as to build an understanding of the causal mechanisms underpinning audit and feedback as an intervention [12] [13] [14] .
Prior audit and feedback interventions to increase adherence to guidelines in rehabilitation have been provided infrequently or at low 'dose'. For example, to improve the implementation of transport training after stroke, McCluskey and colleagues [15] delivered a single audit and feedback cycle in their knowledge translation program, while Kristensen & Hounsgaard [16] provided four cycles over 15 months, and Vratsistas-Curto et al [17] provided four cycles over 4 years. What remains unknown is the effect of audit and feedback when it is provided at a higher dose (such as weekly or fortnightly). A further limitation of the rehabilitation studies to date is that none triangulated their audit information; triangulation occurs by gathering information from multiple sources and while missing from the rehabilitation.
Studies outside of rehabilitation also suggest that it is important to strategically plan the method of feedback delivery; for example, nurses reported feeling 'exasperated' and 'angry' when they received feedback they perceived as critical [18] . Few studies have reported the use of a theoretical underpinning to their feedback delivery [12, 13, 19] . In contrast, LaVigna and colleagues [20] deliberately adopted a 'non-aversive approach' when working with staff in quality improvement cycles, and developed a form of audit and feedback known as periodic service review [20, 21] . Periodic service review has its base in both total quality management [22] and organizational behavior management [23, 24] , and differs from other auditing approaches used in prior rehabilitation studies, since it is undertaken at a high dose, uses positive support strategies during feedback, and actively involves staff in the process [21] . It remains unknown if this approach to audit and feedback would increase adherence to guidelines in rehabilitation, where prior audit and feedback studies have not.
Therefore, the aim of this study was to evaluate the impact of a prospective audit and feedback program on adherence to acquired brain injury rehabilitation guidelines. We sought to understand whether:
1. frequent audit and feedback cycles (with positive behavioral support) increased clinician adherence to clinical practice guidelines in acquired brain injury 2. increases in adherence are maintained after the cessation of audit and feedback program
changes in adherence differ according to individual guideline indicators

Method
Design
A before and after design with a 3-month follow-up was used to test the effect of a 14-month audit-feedback program in an inpatient rehabilitation setting. There were 8 assessments at baseline, 8 assessments at end of intervention and 20 assessments at follow-up. The study design and flow is depicted in (Fig 1) . The administrative organization's Human Research Ethics Committee approved this study prior to its commencement (Alfred Health Human Research Ethics Committee 355/14); a waiver of consent for participation was approved, meaning that all inpatients and all staff were involved for the duration of the study period.
Settings and participants
This study was conducted between September 2014 and March 2016 in a newly established 42-bed acquired brain injury rehabilitation unit in metropolitan Melbourne, Australia. All clinicians (inclusive of nursing, medical, and allied health staff) working on the unit were included in this study and expected to attend each fortnightly feedback session as part of their usual workplace meeting commitments with support of management. Staffing ratios within the unit are presented in Table 1 . At the time of this study, other passive knowledge translation interventions (including the availability of guidelines on each ward, and posters of best practice summaries) were also provided to clinicians.
Assessment, Development and Evaluation (GRADE) level one) evidence cited in stroke and traumatic brain injury clinical practice guidelines [25, 26] as well as the organization's model of care and practice standards [27] . The resultant 114 observable criteria were mapped to 16 overarching guideline indicator areas for ease of communication with staff regarding performance. These guideline indicator areas included: behavioral support plans, care plans, continuity of care, discharge planning, equipment use, family education, goal setting, medical issues management, medical records, minimally conscious care, patient safety, personal care regimes, post traumatic amnesia management, roles and responsibilities, therapy interventions, and ward rounds. The organization set the target for staff to adhere to a minimum of 75% of applicable guideline indicators per patient prior to commencing the study. Our audit and feedback program was based on the periodic service review method developed by LeVigna et al [20] . By acknowledging that the clinical team are key to delivery of evidence-based rehabilitation, we aimed to improve and then maintain the quality of the service using positive behavioral approaches to staff management [21] . We adopted a non-aversive approach to working with the staff during the feedback session, making the clinicians the leaders of the change solutions [21, 23, 24] . The audit-feedback cycles were regular and frequent throughout the study period. Each fortnight, a research assistant randomly selected two patients on the rehabilitation unit (one from each of the two medical teams) and completed a) medical file audit; b) on ward observations; c) clinical staff interviews of three disciplines Table 2 ; please refer to (Fig 2) for the flow of the fortnightly intervention and (S1 Table) for the Standards for Reporting Implementation Studies. Audit data were triangulated, involving a medical file audit, interviews with clinical staff, and interviews with the patient and/or family. An example of an interview question with a clinical staff member is "Can you identify the patient's primary rehabilitation goals consistent with the documented goals from the interdisciplinary family meeting". If the clinician responded correctly, this item was deemed met and scored "yes" on the audit form. An example of a medical file audit indicator was Does the patient receive 4.5-5 hours of therapy daily? To score 'yes' for this item, on ward observations as well as review of the patient's therapy timetable was completed. An example of an interview question with the patient and or family member is "Did someone provide you with a tour of the unit when you first arrived on the ward" The responses to these interviews (yes or no) were recorded on the audit form. (The data dictionary of audit criteria is available from author on request).
A cessation period of three months then ensued, in which no auditing or feedback occurred. In March 2016, n = 20 randomly selected inpatient cases were audited (consistent with the main audit method) to investigate guideline adherence following intervention cessation.
Organizational context
The intervention was tailored to the organization, and designed to be multifaceted (to increase the likelihood of uptake) and frequent (to lower the fidelity gap). The core of the intervention (i.e. audit and feedback) was held consistent throughout the study (no adaptations); instead, the passive knowledge translation interventions (in particular, the education components) were tailored to address highlighted fidelity gaps each fortnight. For example, if auditing revealed low adherence to a guideline indicator, an evidence summary was created to increase staff awareness of the expected behavior. To understand the intervention dose delivered and dose received, we collected data on both number of staff employed (who would have received all passive knowledge translation components) and number of staff who attended the feedback sessions (referring to exposure to and uptake of the core intervention). Our implementation intervention targeted behavior changes within both the individual (i.e., staff) and the organization. While the feedback was provided to staff, behavior change discussions held within feedback sessions took into consideration the context of the organization, the patient / family dyads and the national healthcare system). With staff leading the behavior changes, they held in-depth knowledge of the processes that controlled adoption of the guidelines within their organization, maximizing effect [28] . Our implementation targets were individual clinicians who worked within the rehabilitation unit, however, buy-in and support from management was an obvious factor impacting on implementation effectiveness. The Director of Rehabilitation, Director of Nursing Services and the Service Manager were asked to communicate support for guideline implementation to staff during orientation, at staff meetings, and via email throughout the intervention period.
Outcome measures
The primary outcome was adherence to guideline indicators as measured by the audits. Consistent with the auditing which formed part of the intervention, this included triangulation of data from the medical file audits, unit based observations, and patient, staff, family interviews. 
Data analysis
Each fortnight, dichotomous data were recorded in an excel spreadsheet, and later imported into SPSS V24 for analysis. The mean adherence from audit data of month 0-2 was calculated to represent 'baseline' adherence. Mean adherence audit data from month 13-15 was calculated to represent 'end of intervention' adherence comparisons. Following intervention cessation (months 15-18), 20 randomly selected cases were audited (month [18] [19] to calculate average (mean) adherence to assess if adherence was maintained or reduced. Where an audit item was not applicable to the selected case (i.e., if the selected case was not minimally conscious and therefore the minimally conscious care item(s) were not applicable), this item(s) was removed from the analysis for that period.
Median (95% confidence intervals) and Mann-Whitney U analyses were used to describe comparisons across all data due to the small sample size at each timepoint (n = 8, n = 8, n = 20 respectively) producing non-normally distributed data. Confidence intervals were calculated to highlight statistical significance where it existed, along with measures of variance around median differences (IQR). Chi square analysis for individual guideline indicator items were conducted to compare adherence across comparison points (given data was binary) with Fischer exact test statistic additionally reported due to small sample size [29] . To describe the data, mean (95% confidence intervals) and difference between means (95% confidence intervals) were also calculated and are presented in (S2 Table) . The Bonferroni correction was applied to adjust the alpha level for all tests since multiple comparisons were made (with tests run for 230 comparisons, the alpha level was lowered to 0.0002). Refer to (Fig 2) for diagrammatic representation of analysis points.
Following quantitative analysis, narrative synthesis was undertaken to synthesise findings from our study with recommendations relating to conducting audit and feedback projects drawn from previously conducted systematic reviews [12, 13] . Two authors [NL, LJ] extracted contributing factors which led to the success of the audit and feedback program into categories highlighted by these previous systematic reviews. All authors then reviewed and refined the list of factors.
Results
During the study period, 58 clinical staff were employed with strong representation at fortnightly feedback sessions, mean of 67% (SD 8) attendance. Clinical profiles of patients audited at time point is presented in Table 3 .
The sustained audit and feedback program significantly increased clinician's adherence to guideline recommendation from median 38.8% (95% CI 34.3 to 44.4) at baseline to 83.6% (95% CI 81.8 to 88.5) at the end of the intervention. Table 4 shows median total adherence at each time point. Following cessation of the audit and feedback program, clinician adherence levels decreased by 7% (95% CI .51 to 14.0) from the end of the intervention to follow up, however adherence to guideline indicators was maintained above the organization's goal of 75% adherence.
Adherence differed across guideline indicators, with some indicators more susceptible to change with the audit and feedback program, and others that were not. For example, indicators related to 'goal setting', 'therapy' and 'roles and responsibilities' increased significantly during the intervention period, but this increase was not sustained at follow up. Conversely, adherence to most of the 'ward round' indicators did not improve during the intervention period. Refer to Table 5 (and S2 Table) for full indicator change results.
Discussion
Our sustained fortnightly audit and feedback program led to a significant increase in adherence to clinical practice guideline recommendations. Following the three-month cessation period during which no audit and feedback was provided, adherence to guideline recommendations decreased (but remained above the organization's benchmark of �75% adherence). The positive results of our study contrast to other audit and feedback studies conducted in rehabilitation [15, 16, 17] . Our program had strong support from senior management and the organization, as well as external funding. This external context supported higher frequency audit and feedback cycles, and our feedback was grounded in social cognitive modelling. The adherence improvements following intervention were likely due to a combination of the following attributes of our program: a) high level of managerial support, b) feedback delivered using a non-aversive and clinician-led approach, c) high frequency of audit and feedback cycles, d) 12-month duration of the program, and e) shared goal of working towards a target of �75% adherence. By describing these attributes, future studies can build on our program's success.
We do acknowledge that when the audit and feedback program was ceased, adherence rates decreased, although they did not return to baseline levels. This decrease was not unexpected, and while we did not investigate the reasons why, we anticipate that the loss of accountability 
(knowledge that auditing was not occurring) as well as no longer having formal opportunities to reflect on practice gaps contributed to the lower rates of adherence. Interestingly, there were some audit indicators that increased in adherence after the program was ceased which suggests that comprehensive processes developed and established during the study period carried over beyond the period of audit and feedback. Our results support many findings from audit and feedback studies conducted outside of rehabilitation. Indicators that had high adherence at baseline in our study were also less likely to improve with regular audit and feedback [12, 13, 30, 31] -the benefits of audit and feedback programs are likely greatest when baseline performance is low. The use of positive support while delivering feedback (i.e. employing a 'no blame' ethos and highlighting discipline 'achievements') is also consistent with other studies [18, 32, 33] which suggest that when feedback which is perceived as supportive rather than punitive, it is more likely to positively influence clinician behavior. Finally, our study provided feedback in both written and verbal formats by a respected internal senior member of staff. These characteristics are described in systematic reviews as effective strategies to increase audit and feedback effectiveness [12, 13] . Future studies testing audit and feedback interventions should continue to investigate models of providing feedback.
Setting targets (or goals) has been proposed as increasing the effectiveness of feedback, however, this remains uncertain [34, 35] . In contrast to Garner and colleagues [36] , our results suggest that setting goals and developing action plans during feedback sessions was an effective strategy. With positive support, the facilitator guided clinician discussions towards solutions and encouraged the clinicians to create changes that may lead to increased guideline adherence for the following fortnight. The use of a cognitive model, in combination with high frequency (i.e., fortnightly) and solution-focused feedback is a novel addition to the evaluative studies in this field and supported in theory by the work of Hysong [13] and Ivers [12, 31] . Fig 3 outlines these potential factors which may have contributed to the success of the audit and feedback program.
Organizational expectation of clinician participation was likely to contribute to the high level of staff engagement achieved in the present study. Current behavior change models focus predominantly on individual level or local change characteristics (i.e. the Behaviour Change Wheel [37] and Theoretical Domains Framework [38] ). Research around behavior change interventions have explored staff motivation for and perceptions of audit and feedback on an individual level [18] . Less discussed is how organizational expectations drive behavior change in clinicians. The revisited Promoting Action on Research Implementation (PARiHS) framework aptly encompasses the construct of environment and context; separating out micro (local) and meso (organizational) from macro (political, policy) levels [39] . In this framework, organizational systems and culture are a key consideration for behavior change. Given the organizational expectation of staff involvement in our current study, as well as the intervention frequency (i.e. fortnightly) and paid staff time release for feedback, the strong contribution of organization and culture to our positive findings cannot be overlooked.
Study limitations
Like all pragmatic studies in the clinical setting, our study is not without limitations. Not all staff attended each fortnight's feedback session. While this reflects the practical reality of a ward environment and the shiftwork nature of hospital staffing, it did mean that not all clinicians received regular feedback. This study sought to investigate the effectiveness of a sustained program, and so this was an accepted limitation within the design of the study. We also acknowledge that the use of only one site may limit the generalizability of the results. The use of only one site also limits our ability to predict whether scaling up will achieve similar rates of adoption and delivery across multiple organizations. Furthermore, contextual factors may have positively affected the uptake at our study site (since it was newly established with newly employed staff) which may not directly translate to other sites. Our program also sought to improve adherence to n = 114 indicators of best-practice rehabilitation. While effective at the single site, scaling up our complex audit and feedback intervention may not be straightforward and future programs may choose a smaller number of indicators to implement. Finally, this was a funded study, so sustainable infrastructure needs to be established to enable scaling up. We recommend that future studies include a controlled comparison, consider using both publically and privately funded rehabilitation hospitals, and include a cost/benefit analysis alongside any evaluation of efficacy.
Conclusion
Our study demonstrated that a frequent and sustained audit and feedback program is an effective knowledge translation intervention to increase adherence to brain injury rehabilitation guidelines. Findings also highlighted that some guideline recommendation indicators that are less likely to change with audit and feedback, suggesting that alternative knowledge translation strategies may be more appropriate to achieve behavior change for these items. Our program Audit and feedback has the potential to inform both local and larger initiatives to improve the quality of rehabilitation received, and more significantly beyond rehabilitation, in the field of implementation science and the knowledge base underpinning audit and feedback. 
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